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ABSTRACT: 

PROBLEM TO BE SOLVED: To 
by which such 

high-accuracy alignment can 
by the aberration of 
a projection optical system 
those caused by 



provide a method for alignment 
be realized that errors caused 
used for pattern transfer and 
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working become equal to each other and, consequently, the 
positional deviations 

of all patterns become equal to each other, and to provide 
a method for 

inspecting overlay and a photomask used for these methods. 

SOLUTION: At the time of successively forming alignment 
marks 41 and first 

and second overlay inspection marks 42 on a wafer 1 
together with a device 

pattern by using first and second photomasks 21, the marks 
41 and 42 are formed 

to have the partial dimension and shape of the device 
pattern or equivalent 

dimensions and shapes . Consequently, the marks 41 and 42 
become to have 

positional deviation errors caused by the aberration of an 
exposing optical 

system used for pattern transfer and the positional 
deviation errors caused by 

the succeeding working. Therefore, high-accuracy alignment 
and positional 

correction can be realized by accurately grasping the 
positional deviations of 
the marks 41 and 42. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the photo mask which uses the superposition of the 
photo mask used for a lithography process for the alignment approach performed to a precision, the 
superposition inspection approaches, and these approaches in the manufacture approach of a 
semiconductor device. 
[0002] 

[Description of the Prior Art] Conventionally, by the manufacture approach of a semiconductor device, 
in order to form two or more device patterns on the wafer of semi-conductors, such as silicon, a different 
mask pattern exceeding 20 is exposed in piles one by one on a semiconductor wafer. At the time of this 
exposure, an aligner positions each mask using an alignment mark, and conducts superposition gap 
inspection of whether to be formed after the device pattern which should be formed in a degree has put 
on the device pattern on each chip already prepared on the semiconductor wafer in this condition 
correctly. 

[0003] This superposition gap inspection carried out formation arrangement of the mark of doubling gap 
checking of a predetermined dimension and a configuration at the 1st layer and the 2nd layer which was 
formed on wafers, such as silicon, and which was exposed at the subsequent process, respectively, for 
example, and the amount of superposition gaps was determined by measuring that amount of relative- 
position gaps with test equipment. Since the configuration test equipment can recognize a doubling gap 
checking mark to be easily at this time was considered, that from which a configuration also usually 
differs more greatly than a device pattern was used. 

[0004] Drawing 10 is the top view of the conventional typical doubling gap checking mark formed with 
the device pattern on the wafer. Like illustration, spacing of two patterns with a longer outside is 28 
micrometers, therefore is the dimension as this spacing also with the almost same die length of an 
outside pattern. 

[0005] On the wafer, the pattern of the conventional doubling gap checking mark 101 previously formed 
with the 1st photo mask is arranged inside, and the pattern of the conventional doubling gap checking 
mark 102 subsequently formed outside with the 2nd photo mask is arranged. 
[0006] However, if detailed-ization of a device pattern progresses in recent years, when pattern 
formation of a doubling gap checking mark and the device pattern is carried out to coincidence, the 
problem that both sides can improve [ precision ] pattern formation neither of to the same extent will 
have arisen. This originates in a doubling gap checking mark and a device pattern not being the same 
dimension and the same configuration. That is, it is because extent which this error generates except that 
an error arises from the aberration of the exposure optical system used with lithography or the problem 
on management of a focal location in a pattern configuration changes with the configuration of a pattern, 
a dimension, and consistencies. 

[0007] Moreover, it has turned out that it is easy to produce an error in response to the effect of a pattern 
configuration or the difference of a pattern of condensation and rarefaction also in processing processes, 
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such as etching and CMP (Chemical Mechanical Polishing). 

[0008] On the other hand, drawing 1 1 is an example of the device pattern formed on the wafer. The 
pitch between patterns is 0.35 micrometers. The configuration and dimension differ from the checking 
mark which this shows to drawing 10 greatly. 

[0009] Furthermore, even if a device pattern is in the same layer, a pattern which is [ consistency / a 
configuration / a dimension a consistency ] different may be intermingled. In such a case, a difference is 
produced in a source location with error and an yield by the difference in a pattern. In this case, although 
it is better to measure the error of the location of all patterns, a configuration, and a dimension for 
precise pattern formation, there was such no measurement means conventionally. 
[0010] The same problem as this is produced not only to a doubling gap checking mark but to the 
alignment mark used at the time of exposure by the aligner in order to find out the alignment location of 
a mask. When a greatly different mark from the dimension of a device pattern and a configuration as an 
alignment mark was used and alignment was carried out by the alignment mark since a difference arose 
in both error yield, the problem that it was difficult for a gap to arise in the location of a device pattern 
and to recognize correctly the actual device pattern location on the wafer exposed had arisen. 
[001 1] For example, the top view of the conventional alignment mark formed on the wafer at drawing 
12 is shown. A configuration, a dimension, etc. differ also from the device pattern which mark pitches of 
this are 12 micrometers, and a large long dimension which is beltlike, showed drawing 10 and is 
different from a gap checking mark and a large configuration, and was shown in drawin g 9 greatly. 
[0012] 

[Problem(s) to be Solved by the Invention] The method of dividing the die length of an alignment mark 
into the die length near a device pattern configuration as a means to solve the problem of the alignment 
error produced from an alignment mark differing from a device pattern conventionally is indicated by 
JP,9-102457,A. However, conventionally, as for the above-mentioned doubling gap checking mark and 
the alignment mark, pitches etc. differed greatly so that clearly from drawing 10 and drawin g 12 , since 
it was designed separately, respectively, and both pattern dimension or configuration were not made to 
the configuration which has relation mutually. 

[0013] It means that extent of the error generated about the device pattern which produces this at 
lithography or a subsequent processing process changes with each alignment mark or doubling gap 
checking marks. When a device pattern was formed using the photo mask positioned based on the 
alignment mark which followed, for example, was formed, it was difficult to measure to a precision and 
it caused [ in what kind of configuration it is formed in which location on a wafer, and / of the device 
pattern error ] generating. 

[0014] As mentioned above, extent of the error which produces three persons of an alignment mark, a 
doubling gap checking mark, and a device pattern at the time of pattern formation since the components 
of patterns, such as a pattern configuration, a dimension, and a consistency, differ differs in Mr. 3 person 
3. 

[0015] For example, when you made it pile each other up one by one like the 1st layer and the 2nd layer 
and multilayer structure was formed on a wafer, it is difficult to pile up with high precision, and had 
become a serious failure for forming the semiconductor device of multilayer structure. 
[0016] Then, this invention is made according to such a situation, and the error under the effect of the 
aberration of the projection optics of the aligner used in the case of the pattern imprint to a wafer from a 
photo mask and the error by subsequent processing are received to the same extent. Consequently, the 
amount of location gaps of an alignment mark or a doubling gap checking mark is received. As a result 
of the amount of location gaps of a device pattern also becoming same extent, it aims at offering the 
photo mask used for the alignment approach that highly precise alignment and location amendment are 
expectable, the highly precise superposition inspection approaches, and these approaches. 
[0017] 

[Means for Solving the Problem] When it exposes with a predetermined photo mask in the lithography 
process in the manufacture process of a semiconductor device by using the photo mask of this invention, 
the doubling gap checking mark and alignment mark of that photo mask are characterized by 
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constituting in a part of DEBAISUPATAN contained in that mask or an equivalent dimension, and a 
configuration. 

[0018] Thus, since the pattern of a dimension equivalent to the device pattern in the photo mask with 
which an alignment mark is also doubled and both gap checking marks also correspond, and a 
configuration is included, the error under the effect of the aberration of projection optics used in the case 
of a pattern imprint and the error by processing are received to the same extent, respectively. 
[0019] Consequently, since any amount of location gaps of a pattern is same extent, highly precise 
alignment and location amendment are expectable. 

[0020] Moreover, in the lithography process in the manufacture process of a semiconductor device, this 
invention is characterized by arranging a mark with the measurable amount of relative gaps between 
different patterns produced to it when the 1 st photo mask is exposed to the doubling gap checking mark 
on the 1st photo mask, when using the 1st photo mask and 2nd photo mask. The mark with the 
measurable amount of relative gaps between this different pattern serves as arrangement with which it 
shifted for example, to the device pattern configuration, and the comparatively small reference pattern of 
an amount and two kinds of comparatively large marks were combined. 

[0021] Moreover, it is characterized by arranging a mark with the measurable amount of relative gaps 
between different patterns produced to it when the 2nd photo mask is exposed to a doubling gap 
checking mark also to the 2nd photo mask like the 1st photo mask. And it is the arrangement with which 
this mark also shifted to the device pattern configuration, and the comparatively small reference pattern 
of an amount and two kinds of comparatively large marks were combined. 

[0022] Since the amount of location gaps by the aberration of the projection optics of the device pattern 
of the 1st photo mask and the 2nd photo mask etc. is measured, respectively and it uses for location 
amendment of a subsequent exposure process by this configuration with the amount of location gaps in 
the case of superposition exposure of that measurement result of the 1 st photo mask and the 2nd photo 
mask, highly precise alignment and location amendment are expectable. 

[0023] Moreover, when the 1st photo mask and 2nd photo mask are used for this invention in the 
lithography process in the manufacture process of a semiconductor device, even if there is an error of the 
aberration of projection optics etc., the pattern which receives the same error substantially is also used 
for the reference pattern of the 1st and 2nd masks. That is, in case the 2nd photo mask is piled up and 
exposed on the pattern formed with the 1st photo mask, the amendment in the case of superposition can 
be added in consideration of the relative-position gap error of the pattern of a device configuration to the 
reference pattern of the 1st photo mask, and the same error of the 2nd photo mask, and a desired 
superposition precision can be acquired. 
[0024] 

[Embodiment of the Invention] Hereafter, the gestalt of implementation of this invention is explained 
with reference to a drawing. 

[0025] Here, in the lithography process in the manufacture process of a semiconductor device, when 
exposing using the 1st photo mask and 2nd photo mask, the doubling gap checking mark or alignment 
mark of each of the mask is constituted so that a part of device pattern configuration [ at least ] included 
in the mask may be included. 

[0026] First, the 1st example is explained with reference to drawing 1 and drawing 2 . Drawing 1 and 
drawing 2 are a schematic diagram for explaining the condition that only the specified quantity shifts 
from a mask pattern location, and these mark patterns and device patterns are formed on a chip 1 1 while 
showing the condition that an alignment mark and a checking mark are formed in coincidence, when 
exposing a wafer 1 using the 1st and 2nd photo masks and forming the device pattern 4 on a chip 1 1 . 
[0027] In introduction and drawing 1 , while forming the device pattern section 4 in each predetermined 
location of two or more chips 1 1 on the wafer 1 shown in drawing 9 , for example, the location shown in 
drawing 2 (a), using the 1st photo mask 21, alignment mark section 25B and doubling gap checking 
mark section 5B are formed. 

[0028] About alignment mark section 25B, mask pattern 25A of an alignment mark is constituted by the 
light-shielding film 24 of the predetermined pattern formed the mask substrate 23 and on it on the 1st 
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photo mask 21 as shown in drawing 1 . 

[0029] Incidence of the light which came out of the light source which is not illustrated is carried out to 
the 1st photo mask 21 from the top face of the mask substrate 23, it passes along a light-shielding film 
24, and the pattern light of an alignment mark is formed. It is reduced with the projection lens 3 and this 
pattern light is projected as an alignment mark 41 into alignment mark section 25B on a wafer 1 . 
[0030] If a broken line shows a pattern formation location when mask pattern 25 A of an alignment mark 
is projected by the amount zero of location gaps at this time so that it may explain later, only XI will 
shift in the direction of X, and the exposed alignment mark 41 will be formed in it. 
[0031] That is, if photoresist 21 A on a wafer 1 is exposed using the 1st photo mask 21, alignment mark 
25 A in alignment mark section 25B on the 1st photo mask 21 will be influenced of the aberration of the 
projection lens 3 etc., and will be formed in the location where only XI shifted from the desired location 
as an imprint alignment mark 41 . 

[0032] Therefore, if the alignment mark 41 is formed on a wafer 1 using the resist mask which 
developed this exposed photoresist 21 A and was formed, as shown in drawing 1 , from the location of 
alignment mark 25 A on a photo mask 21, only XI' will shift and this alignment mark 41 will be formed. 
[0033] Also about the checking mark formed in doubling gap checking mark section 5B on a chip 1 1, as 
shown in drawing 1 , photoresist 21 A is exposed using checking mark 5 A in checking mark section 5B 
formed on the 1st photo mask 21 . At this time, like alignment mark 25 A, checking mark 5 A is 
influenced of the aberration of the projection lens 3 etc., and is formed in the location where only XI 
shifted from the location shown with a broken line as an imprint doubling gap checking mark 42. 
[0034] That is, if this exposed photoresist 21 A is doubled on a chip 1 1 using the resist mask developed 
and formed and the gap checking mark 42 is formed, as shown in drawing 1 R> 1 , this checking mark 
42 will be formed in the location where only XI shifted from the location of doubling gap checking 
mark 5 A on a photo mask 21 as an imprint doubling gap checking mark 42. 

[0035] Thus, together with the alignment mark 41, only the same amount XI of gaps as the direction of 
X will shift, and will be formed by each, therefore, as for the gap checking mark 42, the relative-position 
relation with a device pattern will not have it on a photo mask 21, and change. 

[0036] In addition, although this location gap shows the condition of having shifted in the direction of 
X, by drawing 1 , the effect of the aberration of the projection lens 3 etc. is not limited in the direction of 
X, but shifts also in the direction of Y similarly. Although the explanation here has described only the 
direction of X, of course, inspection of the amount of location gaps and amendment must be performed 
also about a gap of the direction of Y. together with an alignment mark, the relative-position relation 
with a gap checking mark is the same in the effect of the projection lens 3 etc. also about this direction 
of Y - what is necessary is to be that 0 f ********, not to change but just to carry out like the direction 
of X about that location gap amendment Therefore, the explanation about the direction of Y is omitted in 
this specification. 

[0037] Next, as shown in drawing 2 (a), photoresist 22 A newly formed on the wafer 1 using the 2nd 
photo mask 22 which forms a light-shielding film 27 on a substrate 26, and becomes is exposed. On the 
2nd photo mask 22, the doubling gap checking mark is formed with the device pattern. The alignment 
mark is not formed in this 2nd photo mask 22. 

[0038] The mark of doubling gap checking currently formed in this 2nd photo mask 22 is the doubling 
gap checking mark 43 which differ and is formed inside a mark 42 like drawing 2 (b) in the doubling 
gap checking mark 42 formed on a chip 1 1 using doubling gap checking mask mark 5A currently 
formed in the 1 st photo mask 21. 

[0039] In the doubling gap checking mark 42 formed with the 1st photo mask 21, the doubling gap 
checking mark 43 formed with this 2nd photo mask 22 has changed the pattern configuration so that a 
size and die length may become about 2 times like illustration in order to make both discernment easy 
for example, moreover, although it is alike so that it may become inside, and the gap checking mark 43 
is formed here [ which it doubled here and shifted in the gap checking mark 42 / the location and here ] 
where it was formed with said 1st photo mask 21 on the chip 11, you may make it form outside 
[0040] The 2nd photo mask 22 is imprinted according to the alignment mark 41 in alignment mark 
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section 25B already formed in the chip 1 1 on a wafer 1 by the aligner at the time of exposure of resist 
film 22A. For this reason, to the 2nd photo mask 22, the mask pattern for an alignment mark is usually 
unnecessary. However, when required of the photolithography process using the photo mask of the 3rd 
henceforth, you may make it form other alignment marks by which alignment was carried out to the 
alignment mark 41 using this 2nd photo mask 22 on a chip 11. 

[0041] It imprints inside the doubling gap checking mark 42 by which the chip 1 1 on a wafer 1 
imprinted using such 2nd photo mask 22 and by which the gap checking mark 43 was imprinted using 
the 1st photo mask 21 by doubling. 

[0042] The pattern equivalent to a device pattern is used for alignment mark 25 A of the 1st photo mask 

21, and doubling gap checking mark 5 A, using some device patterns [ at least ] 4 of the 1st photo mask 
21 as it is. Similarly, the doubling gap checking mark 43 of the 2nd photo mask 22 has the dimension 
equivalent to the device pattern which the 2nd photo mask 22 does not illustrate, and the configuration. 
[0043] Therefore, similarly, together with the device pattern formed with the 2nd photo mask 22, the 
gap checking mark 43 will receive effect in same extent according to the aberration of optical system 
etc., will shift to same extent, and pattern formation will be carried out to having explained the 1st photo 
mask 21 on a chip 11. 

[0044] However, even if the dimension of a device pattern differs from a configuration a little and the 
1st photo mask 21 and 2nd photo mask 22 use the same aligner, at every exposure actuation, the effect 
which changes a little with change of a mechanical doubling error and the exposure conditions 
accompanying the passage of time, for example, the temperature change of the aberration of optical 
system, aging, etc. will be received, and the amounts of gaps on a chip 1 1 will differ mutually. 
[0045] For example, if it is made for a mark 43 to come in the center of the doubling gap checking mark 
42 on a chip 1 1 when the 1st and 2nd photo mask 21 and the device pattern on 22 are the dimensions 
and configurations which are same extent, it will be called the amount of gaps to which the amount from 
which the mark 43 of drawing 2 (b) shifted [ center / of a mark 42 ] originates in the difference between 
the dimension of both device pattern, and a configuration. 

[0046] In this example the doubling gap with the exposure result of the 1st photo mask 21, and the 
exposure result of the 2nd photo mask 22 The 1 st doubling gap checking mark 42 formed on the chip 1 1 
as shown in drawing 2 (b), It measures using the doubling gap measurement mark which was formed 
using photoresist 22 A and which doubles and consists of a gap checking mark 43, or each may form 
. these marks 42 and 43 on a chip 1 1 , and they may be measured. 

[0047] As shown in drawing 2 (b), for example, the center-of-gravity location Gl of the outside 
doubling gap checking mark 42 and the middle point CI of the distance between G2, If the difference D 
during the middle point C2 of center-of-gravity G3 of the inside doubling gap checking mark 43 and the 
distance between G4 is searched for by measurement, finally this difference D would arise on the wafer 
1 1 with the 1st and 2nd photo mask 21 and 22, and will serve as the amount of gaps. 
[0048] The doubling gap checking mark 42 is a mark formed by exposure of the 1st photo mask 21, and 
is the configuration which imitated some device patterns 4 contained in the 1 st photo mask 21 . On the 
other hand, the doubling gap checking mark 43 is a mark formed by exposure of the 2nd photo mask 22, 
and is the configuration which imitated some device patterns which are contained in the 2nd photo mask 

22, and which are not illustrated, drawing 2 (b) — the doubling gap checking mark 43 - the convenience 
top of explanation - actually — **** — although it is made a different big form, it usually doubles, and 
although the gap checking mark 42 may differ from a configuration, division of a comparable pattern is 
carried out. 

[0049] In addition, in this case, as shown in drawing 2 (b), it is also possible to imprint and use together 
the conventional doubling gap measurement patterns 101 and 102 on a chip 1 1 to coincidence using 
photo masks 21 and 22. This mark consists of doubling gap checking marks 101 which were formed 
using the 1st photo mask 21 and which were formed using the gap checking mark 102 and the 2nd photo 
mask 22 by doubling. 

[0050] As mentioned above, since the alignment mark 41 is also doubled in this example and the gap 
checking marks 42 and 43 both also contain some device patterns or an equivalent pattern, the error 
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under the effect of the aberration of projection optics used in the case of a pattern imprint is received to 
the same extent. Since both of the amounts of location gaps of a pattern are the same, this means that 
location amendment of the exact photo mask in highly precise alignment and a consecutive exposure 
process is expectable. 

[0051] Next, the 2nd example is explained with reference to drawing 3 . Drawing 3 shows the schematic 
diagram of an alignment mark when two or more kinds of different device patterns, a dimension and a 
configuration, on a photo mask combine and are formed, and a doubling gap checking mark. 
[0052] In the example shown in drawing 3 , the device pattern configuration included in the 1st photo 
mask contains the 3rd different device pattern from the this 1st and 2nd device pattern in the 2nd photo 
mask in the lithography process in the manufacture process of a semiconductor device including the 1st 
and 2nd device pattern with which a dimension differs from a configuration. Therefore, in the 1st and 
2nd photo mask, it has the doubling gap checking mark and alignment mark which contain a part of 
these 1st thru/or 3rd device pattern at least. 

[0053] That is, when a different device pattern of a dimension and a configuration on the 1st and 2nd 
photo masks is contained, an alignment mark and a doubling gap checking mark are formed combining 
these different patterns on the 1st photo mask. This pattern is chosen from the typical device element 
patterns in the device pattern in the 1st and 2nd photo masks. 

[0054] In the example of drawing 3 explained below, in order to explain invention plainly, a respectively 
thick pattern and a thin pattern are chosen from the device pattern formed in the 1st and 2nd photo mask. 

[0055] In drawing 3 (a), these thick patterns 32 and the thin pattern 33 are arranged every other as an 
alignment mark. As explained above, the thick pattern 32 differs in the yield of X at the time of 
imprinting on a wafer, and the position error of the direction of Y from the thin pattern 33. It is possible 
to measure the location of the thick pattern 32 which abolished the error for this by signal processing, 
and the location of the thin pattern 33, respectively. 

[0056] As shown in drawin g 3 (a), the alignment mark which becomes the 1st photo mask 31 from the 
thick pattern 32 chosen from the device pattern and the thin pattern 33 chosen from the device pattern of 
the 2nd photo mask is formed. 

[0057] If an alignment mark is imprinted on a wafer 30 using this, the location gap of the thin pattern 33* 
shown by the dotted line of the location which should be imprinted essentially will be carried out in fact, 
and the thin pattern 34 of a continuous line will be imprinted. The pattern 33 thinner than the thick 
pattern 32 of the rate of a location gap is larger. In this case, the thick pattern 32 is illustrated as what 
does not almost have a location gap. 

[0058] However, if the location gap has also produced the thick pattern 32 slightly and the distance 
between the thick pattern 32 after an imprint and the thin pattern 33 is measured, this measurement value 
must be total value, the original distance between both on a photo mask, and the difference of relative- 
position gaps of the amount of location gaps produced to both by imprint, i.e., amount. Therefore, when 
the known original distance is deducted from this measurement value, amount of relative gaps deltaX of 
the direction of X will be obtained. Thus, yield deltaX of the position error resulting from a difference of 
the device pattern in the alignment mark at the time of imprinting on a wafer is determined. 
[0059] The amount of relative-position gaps during the mark to which an alignment mark in case the 
device patterns on the 1st photo mask are thick pattern 32d and thin pattern 33d corresponds by signal 
processing is measured taking this deltaX into consideration. 

[0060] For example, as shown in drawing 3 (d), the case where use the 2nd photo mask for other device 
pattern 39d of both middle dimension between the thick device pattern 32 and the thin device pattern 33, 
and it imprints on a wafer is considered. In this case, since both patterns [ 32d and 33d ] amount of 
relative-position gaps deltaX is already known, positioning of the 2nd photo mask at the time of forming 
3rd device pattern 39d in both middle exactly is easy. 

[0061] Moreover, in drawing 3 (d), device pattern 39d is previously formed in drawing 3 (b) and 3 (c) 
using the 1st photo mask, and the example of the doubling gap checking mark in the case of forming 
thick device pattern 32d and thin device pattern 33d so that this device pattern 39d may come right in 
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the middle exactly using the 2nd photo mask is shown the case and the contrary of drawing 3 (a). 
[0062] In drawing 3 (b) and 3 (c), the doubling gap checking mark 35 and 37 in which each device 
pattern is formed on a wafer at the time of a thick pattern, i.e., the reference marks at the time of a large 
pattern, is first formed using the 1st photo mask. It is formed on a wafer also device pattern 39d of the 
middle size which could come, simultaneously was shown in drawing 3 (d). 

[0063] Then, in drawing 3 (b), the thick pattern 36 is formed with the 2nd photo mask as a doubling gap 
checking mark inside the thick pattern 35 of the outside formed with the 1st photo mask. At this time, as 
shown in drawing 3 R> 3 (d), it is formed so that it may come in the middle thick device pattern 32d and 
whose thin device pattern 33d are device pattern 39d with the 2nd photo mask. 
[0064] As the 2nd photo mask shows to coincidence at drawing 3 (c), the thin doubling gap checking 
mark 38 is formed inside the thick reference mark 37 of the outside formed with the 1st photo mask. 
[0065] In this case, a doubling gap error when a device pattern is thick can be measured by the doubling 
gap checking marks 35 and 36 of drawing 3 (b), and a doubling gap error when a device pattern is thin 
can be measured by the doubling gap checking marks 37 and 38 of drawing 3 (c). 
[0066] Thus, if the object for large patterns and the object for small patterns are beforehand prepared on 
the 1st and 2nd photo mask as a doubling gap checking mark according to the device pattern on the 1st 
and 2nd photo mask As opposed to device pattern 39d of the middle size previously formed with the 1st 
photo mask as the doubling gap measurement to each device pattern was attained and it was shown in 
drawing 3 R> 3 (d) Using the 2nd photo mask, later thick device pattern 32d and thin device pattern 33d 
are positioned correctly easily, and can be formed. 

[0067] Next, the 3rd example is explained with reference to drawing 4 . Drawing 4 (a)-4(c) is the 
schematic diagram of the conventional doubling gap checking mark formed on the photo mask, 
respectively, and the doubling gap checking mark of this example. In this example, 2 sets of doubling 
gap checking marks, the 1st and the 2nd, are formed using the 1st photo mask and 2nd photo mask. The 
1st doubling gap checking mark is for measuring the error in which the error resulting from the 
aberration of the projection optics of an aligner etc. is not included, i.e., the 1st error, such as a 
mechanical error of an aligner. The 2nd doubling gap checking mark is for a mechanical error not being 
included but measuring only the 2nd error by the aberration of the optical system of an aligner etc. 
substantially. 

[0068] That is, in case the 2nd photo mask is piled up and exposed on the pattern formed on the chip 
with the 1st photo mask, in consideration of the location gap error by these 1st and 2nd error, a desired 
superposition precision is acquired by adding amendment in the case of the superposition of the 2nd 
photo mask. 

[0069] As a doubling gap checking mark at the time of performing exposure of the 1 st photo mask and 
the 2nd photo mask, the mark shown in drawing 4 can be used for an alignment mark using the same 
thing as the 1st example shown in drawing 1 . The pattern imprinted in the case of the 1st photo-mask 
exposure is a doubling gap checking pattern which becomes by the doubling gap checking mark 63 of 
the conventional outside pattern 61 of doubling gap checking shown in drawing 4 (a), the reference 
pattern 64 of the square shape of a thick frame shown in drawing 4 (b), and an internal device pattern 
configuration. 

[0070] On the other hand, the pattern imprinted in the case of the 2nd photo-mask exposure is the 
doubling gap checking mark 66 of an internal device pattern configuration at the reference pattern 65 list 
of the shape of a thick frame indicated to be the pattern 62 inside [ conventional ] doubling gap checking 
shown in drawing 4 (a) to drawing 4 (c). 

[0071] First, the pattern 63 and the amount deltaXl of location gaps between 64 resulting from the 
aberration of the optical system of an aligner etc. are measured using the reference pattern 64 exposed 
with the 1st photo mask of drawing 4 (b), and the pattern 63 of a device pattern configuration. 
[0072] For example, measured-value **X1 is obtained based on the distance between the siding of the 
direction of X inside a reference pattern 64, and the edge of the direction of X of the pattern 63 of a 
device pattern configuration. 

[0073] On the other hand, the pattern 66 which imitated the device pattern which is in a reference 
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pattern 65 and the 2nd photo mask as shown like the patterns 63 and 64 of the 1st photo mask at drawing 
4 (c) is formed also in the 2nd photo mask. The amount of location gaps of the direction of X between 
two kinds of correspondence patterns formed on the chip using this 2nd photo mask is also measured. 
The measured value is now set to **X2 here. 

[0074] Furthermore, the amount of location gaps between the 1st photo mask measured by the 
conventional marks 61 and 62 of doubling gap checking and the 2nd photo mask is measured as distance 
**X12 between the sidings of the outside pattern 61 and the opposite sidings of the inside pattern 62 
which are shown in drawin g 4 (a). 

[0075] Thus, from three obtained measurands, the amount of location gaps of the device pattern 
imprinted with the 1st photo mask and the device pattern imprinted with the 2nd photo mask (**X12D) 
can be calculated as **X12D=**X12+**X1+**X2. 

[0076] A highly precise superposition precision at the time of exposure by the photo mask can be 
acquired by amending **X12D in the case of the superposition exposure in the production process 
performed later so that this amount of location gaps may be made into zero. 

[0077] Moreover, although the four way type of the doubling gap checking marks 63 and 66 of a device 
pattern configuration is enclosed by reference marks 64 and 65 by the mark of the example of this 
drawing 4 (b) and 4 (c), this invention may be the structure which not only a configuration such but the 
reference mark 64 in drawing 4 (b) doubled, and enclosed only X of the gap checking mark 63, and the 
2-way of Y. 

[0078] Moreover, the structure which arranges a device pattern on the both sides on both sides of a 
reference pattern is sufficient. Moreover, it is also good to arrange the reference pattern in the 
measurement field near the device pattern. 

[0079] Next, the 4th example is explained with reference to drawing 5 and drawing 6 (a), and 6 (b). The 
schematic diagram of an alignment mark with which drawing 5 was formed combining a different 
pattern on the same photo mask, drawing 6 (a), and 6 (b) are the schematic diagrams of the doubling gap 
checking mark formed combining the pattern with which it differs on the same photo mask. 
[0080] In this example, it sets at the lithography process in the manufacture process of a semiconductor 
device. When the 1st photo mask and 2nd photo mask are used and it exposes with the 1st or the 2nd 
photo mask The doubling gap checking mark and alignment mark of the photo mask In a configuration 
which includes a part of device pattern configuration [ at least ] included in the photo mask, an 
alignment mark and a doubling gap checking mark are formed combining the pattern with which it 
differs on the same photo mask. 

[0081] However, when the doubling gap checking mark shown in the alignment mark shown in drawin g 
3 (a) and drawing 3 (b), and 3 (c), for example is used, even if the pattern dimension is equivalent to the 
device pattern, long side lay length is very long compared with the device pattern. In such a case, fault 
which these long marks did not assume by the device pattern in the process performed succeedingly may 
be caused. 

[0082] For example, it is a problem about the pattern dependency of DISHINGU in a CMP process 
known well etc. For this reason, it is necessary to shorten the die length of a mark. Then, as shown in 
drawing 5 , it is used, dividing an alignment mark. Moreover, it doubles, as shown in drawing 6 (a) and 
6 (b), and it is used, also dividing a gap checking mark. That is, the thin pattern and the thick pattern are 
divided into plurality, respectively. 

[0083] As shown in drawing 5 , the alignment mark which becomes the 1st photo mask 41 from the 
thick pattern 42 and the thin pattern 43 is formed. An alignment mark is imprinted on a wafer using this. 

[0084] As mentioned above, since the yields of the position error at the time of imprinting on a wafer by 
the thick pattern and the thin pattern differ, the location of a thick pattern and the location of a thin 
pattern are measured by signal processing, respectively, taking it into consideration. 
[0085] Moreover, as shown in drawing 6 (a), it consists of thick patterns 46 formed with the thick 
pattern 45 in which, as for the gap checking mark, the doubling gap checking mark for large patterns 
was formed with the 1st photo-mask mask by doubling and the 2nd photo mask which were formed on 
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the wafer. Moreover, as shown in drawing 6 (b), the doubling gap checking mark for small patterns 
consists of thin patterns 48 formed with the thick pattern 47 formed with the 1st photo mask, and the 
2nd photo mask. 

[0086] Thus, if the object for patterns also with a thick doubling gap checking mark and the thin object 
for patterns are divided, respectively and are prepared, the doubling gap measurement to each pattern 
will be attained. In addition, the reference patterns 64 and 65 shown in drawing 4 (b) and 4 (c) as well as 
the 3rd example can be divided, and can be used. Thus, if constituted, the doubling gap measurement to 
each pattern will be attained. 

[0087] Here, the sequential production process of a semiconductor device is explained with reference to 
drawing 7 and drawing 8 . Drawing is a sectional view of the semiconductor device in each process. 
Here, the manufacture approach of the semiconductor device which applied the alignment approach of 
this invention is explained. 

[0088] First, silicon oxide (Si02) 73 is formed on the semi-conductor substrates 70, such as silicon, and 
a photoresist 74 is covered on this. Negatives are exposed and developed using the 1st photo mask 71 
constituted as the 1st thru/or the 4th example explained to this photoresist 74, and opening is formed 
( drawing 7 (a)). 

[0089] This photoresist 74 is used as a mask, silicon oxide 73 is etched, and a contact hole is formed in 
silicon oxide 73. Next, the lst-layer aluminum wiring 75 is formed on silicon oxide 73 ( drawing 7 (b)). 
The lst-layer aluminum wiring 75 is electrically connected with the semi-conductor substrate 70 
through the contact hole. 

[0090] Silicon oxide (Si02) 76 is formed so that this lst-layer aluminum wiring 75 may be covered. 
Flattening of the silicon oxide 76 is carried out by CMP in a front face ( drawing 7 (c)). 
[0091] Next, a photoresist 77 is applied on silicon oxide 76. Negatives are exposed and developed using 
the 2nd photo mask 72 of the same configuration with the 1st thru/or the 4th example having explained 
to this photoresist 77, and opening is formed ( drawing 8 (a)). This photoresist 77 is used as a mask, 
silicon oxide 76 is etched, and a contact hole is formed in this oxide film. 

[0092] Next, after removing a photoresist 77, patterning formation of the 2nd-layer aluminum wiring 78 
is carried out on silicon oxide 76. The 2nd-layer aluminum wiring 78 is electrically connected with the 
lst-layer aluminum wiring 75 through the contact hole ( drawing 8 (b)). 

[0093] In this manufacture process, an alignment mark as well as the 1st example sets the 1st and 2nd 
photo masks, and both gap checking marks also contain some device patterns or an equivalent pattern. 
Therefore, the error under the effect of the aberration of projection optics used in the case of a pattern 
imprint is received to the same extent, consequently since both of the amounts of location gaps of a 
pattern are the same, formation of highly precise alignment, i.e., a device pattern, is attained. 
[0094] Here, the outline in the condition of having formed much chips 1 1 on the wafers 1, such as 
silicon, with reference to drawing 9 is explained. To a wafer 1 , formation arrangement of the chip 1 1 is 
carried out at the shape of a two-dimensional array, and the dicing line 12 is formed between chips 1 1 . 
After processing a wafer 1, this wafer 1 is cut along the dicing line 12, and two or more chips 1 1 cut it 
down, and it is formed. 

[0095] The alignment mark and doubling gap checking mark which were explained in the 1st thru/or the 
4th example can be formed in the location which formed on ** dicing line or approached the device 
pattern on ** chip. Furthermore, the device pattern formed in one of the ** chips can also be used as an 
alignment mark and a doubling gap checking mark in a subsequent lithography process. 
[0096] 

[Effect of the Invention] Since according to this invention an alignment mark is also doubled and both 
gap checking marks also contain some device patterns or an equivalent pattern as explained in full detail 
above, the error under the effect of the aberration of projection optics used in the case of a pattern 
imprint is received to the same extent as a device pattern. Since both of the amounts of location gaps of 
a pattern are the same, this can expect highly precise alignment in the case of alignment. Moreover, 
highly precise measurement is attained in the case of superposition error measurement. Moreover, when 
a device pattern contains two or more kinds of patterns with which a dimension differs from a 
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configuration, even if the amount of location gaps by the aberration of projection optics etc. changes 
with patterns, alignment can be carried out with high precision. 

[0097] Moreover, the amount of location gaps by the aberration of the projection optics of the device 
pattern of the 1st photo mask and the 2nd photo mask etc. can be measured, respectively, and the 
alignment approach that highly precise alignment is expectable, the superposition inspection approach, 
and a list can be provided with the photo mask used for these by using for the location amendment in the 
case of superposition exposure of the measurement result of the 1st photo mask and the 2nd photo mask. 



[Translation done.] 
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